In the present work we have investigated the relationships existing between the optical properties and the growth mechanism, microstructure and surface roughness of SnO 2 and ZnO oxide films prepared by magnetron sputtering under conditions resembling those utilized in industry. Thin films of these oxides with different thicknesses were characterized by atomic force microscopy, glancing incidence X-ray diffraction (GIXRD), X-ray reflectometry and spectroscopic Ellipsometry. The roughness evolution of the film properties (density, surface roughness and refraction index) as a function of their thickness has been evaluated within the concepts of the Dynamic Scaling Theory of thin film growth. Zinc oxide films were rougher than tin oxide films of similar *Manuscript Click here to view linked References 2 thickness, indicating a different growing mechanism for the two materials. Silver was evaporated onto the surface of the two oxide thin films and its earlier stages of nucleation studied by background analysis of the X-ray photoemission spectra. A different nucleation mechanism was found depending on the nature of the oxide acting as substrate. The superior performance of the zinc oxide based low emissive coatings is related with a better wetting of silver on the surface of this oxide despite the comparatively lower roughness of the tin oxide layers.
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Introduction
Low emissivity glasses (low-e glass), used in homes, offices, automobiles, and other applications incorporate an oxide-metal-oxide composite coating that provides a high IR reflectivity. 1 To achieve this functionality, these glasses incorporate a stacked structure consisting typically of a thin metal sandwiched between two oxides thin films. 2, 3 This type of structures has been modeled and fabricated for several decades and nowadays represent a commercial product manufactured and sold by different companies all over the world. 4 Low-e glasses must depict two main features: a high optical transparency in the visible region and a high reflectance in the near-infrared region. Although different metal/dielectric stacking structures have been proposed to achieve this goal, the most common coating structure consists of a silver layer sandwiched 3 between two transparent oxide layers, usually SnO 2 and ZnO (i.e., MOx/Ag/barrier/MOx structures, where a barrier layer is introduced to avoid the oxidation of the silver layer during the second deposition process of the oxide). [4] [5] [6] Important characteristics of glasses incorporating these coatings are a low surface resistivity, a high optical transmittance in the visible and a high energy gap of about 3.6 eV and 3.3 eV, depending on the oxide.
Despite the numerous theoretical modelling 7.8 and experimental investigations 9 dealing with these structures, there is a clear lack of fundamental knowledge relating their performance with critical microstructural characteristics of the system (e.g., roughness of the oxide layers, homogeneity of the metal film, etc.). Thus, only recently there have been some studies addressing systematically the relationship existing between these topographic properties of the individual layers, fundamentally the roughness of the oxide layers, and the final performance of the complete structure. 10 In this regard, flat oxide surfaces seem to improve the transparency of the whole structure and avoid the prevalence of anomalous transmission losses caused by scattering of the light at the metal-oxide interfaces. It is also believed that flat oxide surfaces might contribute to decrease the agglomeration degree of the silver layers and, consequently, reduce its electrical resistance and the emissivity of the whole structure.
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Magnetron-sputtering (MS) is likely the most common technique for the largescale processing of low-e coatings. 12 In principle, one of its recognized advantages is that the ion bombardment effects associated with this technique contribute to smooth the surface of the oxide films and hence to improve the quality of the silver overlayers. However, despite the application of similar 4 multilayer architectures, it is generally found that ZnO/Ag/barrier/ZnO systems are superior to equivalent SnO 2 /Ag/barrier/SnO 2 multilayers in providing an enhanced emissivity and higher transmission in the visible. 13 Trying to unravel the causes contributing to this different behavior, in the present paper we carry out first a systematic study of the evolution with thickness (from 20nm to 800nm) of the roughness and other properties such as density and refraction index of ZnO and SnO 2 thin films prepared by MS on silicon and glass. To approach as much as possible the industrial conditions of preparation of these thin film oxides, deposition conditions have been selected by following the industrial criterion of maximizing the power density of the magnetrons for each oxide. Under these conditions, the growth mechanisms of the two oxides have been critically analyzed by using the concepts of the Dynamic Scaling Theory (DST) of surface growth. 14,15 Then, we have studied the growth processes and wetting efficiency of silver deposited by evaporation on thin film surfaces of these two thin film oxides prepared by MS. For the first part of our study we have used X-ray reflectometry (XRF), X-ray diffraction (XRD), Scanning electron microscopy (SEM), atomic force microscopy (AFM) and spectroscopic ellipsometry. To assess the efficiency of silver to wet these two substrates we have employed the Tougaard´s principles 16, 17 to analyze the backgrounds of the X-ray photoemission spectra for successive evaporations of silver on ZnO and The residual vacuum pressure was 5x10 -6 mbar and layers of the two materials were deposited with thicknesses ranging from 20 to 800nm.
Experimental and Methods

ZnO and SnO 2 thin film preparation and characterization
The morphology of the oxide thin films was examined by cross section scanning electron microscopy (SEM) for thin films deposited on silicon and then cleaved.
Images were taken in a field emission scanning electron Phillips FEG-SEM microscope.
Atomic force microscopy (AFM) images were taken with a Dulcinea microscope from Nanotec (Madrid, Spain) working in tapping mode and using high frequency cantilevers with silicon tip. The root-mean-square (rms) roughness and the height-height correlation function were computed from 10x10m scans of films with increasing thickness, in order to obtain the roughness () and growth () exponents used for the dynamic scaling evaluation of thin film growth mechanisms.
Grazing incidence x-ray diffraction (GIXRD) measurements taken for thin films thinner than 100 nm were carried out in a PANalitycal X'Pert Pro MPD diffractometer by using the Cu-K α radiation at a fixed glazing incident angle of 0.5º and a 2 ranging from 10º to 80º, with a step size of 0,05º. The BraggBrentano X ray diffraction (XRD) analysis of films thicker than 100 nm was performed in a PANalitycal X'Pert Pro MPD diffractometer provided with X'Cellerator detector and graphite monochromator and using the Cu-K α radiation, 40 kV, 40 mA, in a 2 range from 10º to 80º and a step of 2=0,016º. Emissivity at 100ºC was measured in an emissometer (TIR100-2, Inglass) and derived from sheets resistivity measurements (Sheet Resistivity Meter SRM-12, Nagy.
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XPS and QUASES analysis of the growth of silver
To study the wetting behavior of silver on the two oxide surfaces, increasing amounts of metallic silver, from a fraction of a monolayer to several monolayers, XPS spectra were recorded after each Ag deposition step with a VG ESCALAB 210 spectrometer, with the hemispherical energy electron analyzer working in the pass energy constant mode at a value of 30 eV. Non monochromatic AlKα radiation (h =1486.6 eV) was used as excitation source.
The resolution of the spectrometer, as measured by the FWHM of the Ag3d5/2 peak, was 1.1 eV. Binding energy (BE) calibration of the spectra was done by referencing the recorded peaks to the following main peaks of the substrates:
Zn2p 3/2 at 1022.05 eV and Sn3d 5/2 at 486.6 eV.
The initial states of growth of silver films evaporated in vacuum on SnO 2 and
ZnO thin films were studied by detailed analysis of the peak shape of the X-ray photoemission spectra (XPS), following the Tougaard´s methodology. 16, 17 Spectra have been analyzed with the QUASES software 21 under the assumption that silver grows in the form of three dimensional islands on the surface of the oxide films. By coalescence of these islands a continuous silver film would be obtained. This analysis implies the study of the evolution of inelastic backgrounds of photoelectron signals when the coverage and thickness of a deposited film grows on the substrate. In all the cases, the Ag3d signal, including both the elastic components and the inelastic tails on the lowkinetic-energy side of them, (binding energy range 340-450 eV), has been used for the XPS peak shape analysis, with the QUASES software package. 21 An inelastic mean free path of 1.61 nm has been estimated for the Ag3d photoelectrons by the TPP2M formula. Another important parameter used to describe the thin film growth mechanisms is the so called roughness exponent () which can be determined in different ways from the AFM images of the films surface. In our case, we have deduced the  values from the height to height correlation functions. A plot of this function estimated for the thin films with a thickness higher than 100 nm is represented in Figure 5 (b). No calculations have been carried out with thinner films because the higher uncertainties associated with these less rough films.
The plot shows that all the curves are characterized by a similar shape and a similar  value of 0.77, as deduced from the slope of the curves.
The roughness exponent  (0    1) characterizes the short-range roughness of a self-affine surface, with larger values of  representing a locally smoother surface profile. 23 Reported  values for surface diffusion dominated film growth are ~ 1. 24, 25 The expected value of the growth exponent  in the case of normal scaling is 0.5 or less, with  ~ 0.25 for surface diffusion dominated film growth, 24 and  ~ 0.5 for the random deposition limit (without any surface relaxation process). 15 However,  values above 0.5 have been reported by some authors. [26] [27] [28] [29] Recent studies suggest that this must be due to some nonlocal effects in surface dynamics, 30 e.g., step-edge barrier, shadowing effect, (002) orientation.
Optical properties of thin films
The determined optical parameter functions of the SnO 2 and ZnO thin films measured by spectroscopic ellipsometry are reported in Figure 6 . These parameter functions have been obtained after modeling the ellipsometric raw data as explained in the experimental section. As a justification of the model employed for the simulations, it is important to stress that both the specular Xray reflectivity and AFM techniques have shown that the films are characterized by a nanoscopic roughness, where both the mean height and correlation length of the irregularities are much smaller than the wavelength of light in the visible and infrared part of the spectrum. For these rather flat surfaces it is expected that multiple scattering depolarizations are not important and therefore the contribution of the field induced polarization of the surface to the far-field radiation pattern can be approximated by layers of a polarizable Bruggeman EMA model sandwiched between a perfect substrate and air, both taken as continuous media. 35 Then the Cauchy model was employed to determine the film thickness, roughness and real refractive index in the region where the films were transparent (500<<1400 nm).
According to the plots in Figure 6 , the real part of the refraction index presents a smooth dispersion behavior for >450 nm. In the spectral region 300<<450 
Spreading of silver on SnO 2 and ZnO thin film surfaces
A way of assessing the spreading of metals deposited onto real surfaces presenting a specific roughness is by following the deposition process by XPS and studying the evolution of the background of the spectra with the deposited amount. We have previously applied this methodology for a large variety of systems where the growth mechanism consisted on the formation of islands. Thicknesses of the two dielectric layers were determined to get coatings with a green-bluish neutral color aspect both in transmission and in reflection modes. Figure 9 shows the transmission and the reflectivity curves obtained for the two examined structures.
Besides, the emissivity at 100ºC of both structures yielded values of 0.09 for the SnO 2 -based structure and 0.07 for ZnO-based structure, results that agree with the commonly accepted trend of lower emissivity values for ZnO-based structures. A similar conclusion can be gained by observing the plots in Figure 9 where small, though not negligible differences can be noticed between the SnO 2 and ZnO structures, with a slightly higher transmission in the IR range for the former.
The different behavior found for the two structures can be accounted for by assuming a different distribution of silver on the two oxides and/or that the oxide themselves present different roughness. Referring to this latter point, the morphological analysis of the oxide thin films reported previously has clearly evidenced that for all range of investigated thicknesses ZnO prepared by MS is rougher than SnO 2 . Hence, if this were the sole factor contributing to the different emissivity of the two structures, SnO 2 -based structures should have a superior performance than the ZnO ones. Therefore, we have to admit that the more favorable tendency of silver to spread onto the surface of ZnO surface than on that of SnO 2 evidenced by our silver evaporation experiment should be the main factor contributing to the superior performance of the ZnO based stacked structure. As it is shown in Figure 8 , for a thickness of 9 nm in our experiment (note that the experimental conditions are different than those used to prepare the silver film in the stacked structures which implies the use of magnetron sputtering), the coverage degree of the substrate is higher than 80%
on ZnO, while it is only around 60% for SnO 2 , Assuming a similar behavior for
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MS layers, a higher coverage degree (and therefore a higher percolation and continuity of the metal sheet) in the stacked structure should reduce the sheet resistivity of the silver deposited onto ZnO and thus generate a lower emissivity value for the whole coating.
Summary and Conclusions
In this work we have primarily studied the evolution of roughness of ZnO and Binding Energy (eV) 
